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… about one hundred years ago … 



History and properties of protons

• Protons discovered by 
Ernest Rutherford in 
1918. 

• Neutron by Chadwick in 1932

• Electrons by Thomson in 1897

• Proton: Elementary 
particle as part of the 
nucleus

• 1836 time mass of 
electron but positively 
charged



Discovery of proton 1896  





Discovery of X-Rays

November 1895, Würzburg

Wilhelm Conrad Röntgen

Roentgen's Wurzburg Laboratory 



X-ray tubes





Discovered by Heinrich Hertz in 1897 - Explained  by Albert Einstein in 1905 





photons can generate electrons

electrons can generate photons

and



• ELECRON  SOURCES

• PHOTON  SOURCES

• PROTON  SOURCES

RELENTLESS  EFFORT IN THE DEVELOPMENT 

OF ACCELERATOR TECHNOLOGY FOR 

• FUNDAMENTAL SCIENCES

• MEDICINE

• INDUSTRY



1931 Ernest Lawrence, at the University of California
first cyclotron capable of producing deuterons, protons,
and alpha particles.



1940 - Donald Kerst, betatron, at the University of Illinois, 
accelerate electrons, first at 2.3 MeV and later to 300 MeV. 
Commercial vendors helped promote clinical applications 
of the new technology. 



1942. First betatron in

clinical use.

Although Kerst first
developed the betatron in
the U.S., it saw its first
clinical application by Gund,
using this machine in
Germany during the war.



SYNCHROTRON RADIATION SOURCES



SYNCROTRON RADIATION



SYNCHROTRON LIGHT CENTERS IN THE WORLD



EUROPEAN SYNCHROTRON LIGHT SOURCE

Grenoble FR





by courtesy of A. Bravin
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FEL FEL



LCLS

XFEL

SCSS

LARGE INFRASTRUCTURES

COSTS  : 500 – 1000 MEuro

What technology for the future ?



ACCELERATORS  FOR
HIGH  ENERGY  PHYSICS



Cockcroft-Walton Column. This 800 kV generator is used for the pre-acceleration 

of protons before injection into the linear accelerator (LINAC) 



1957 - The 600 MeV SC (Synchro-Cyclotron), the CERN's first 
accelerator. It was closed in 1990. 



LINAC: Linear proton accelerator with an energy of 50 MeV 



1974 - 600 MeV Synchro-Cyclotron for proton beams





Particle accelerator evolution

About every 7 years 

a new accelerator 
technology is invented 

to increase particle 
energies

(continuous lines indicate 

same accelerator technology)



Proton accelerator are very large and 
expensive machines

• Large Hadron Collider (LHC), 
CERN 27 km circumference 
(LHC machine costs 3 billion 
Euro)

• SNS facility in the USA

• European Spallation 
Infrastructure (estimated 1 
billion Euro)

3000 M€

1100 M€

Ring:

27 km

What technology for the future ?



Plasma cavity

100 mm1 m

RF cavity

Courtesy of W. Mori & L. da Silva

E-field max ≈ few 10 MeV /meter (Breakdown) 
R>Rmin Synchrotron radiation

Classical accelerator limitations



J. Faure et al., C. Geddes et al., S. Mangles et al. , 
in Nature 30 septembre 2004

New electron acceleration mechanism



Charge in the peak : 200-300 pC

Energy distribution improvements:
The Bubble regime

PIC

Experiment

Divergence = 6 mrad

J. Faure et al. Nature (2004)
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Laser plasma injector : GeV electron beams



310-μm-diameter 
channel capillary 

P = 40 TW 

density 4.3×1018 cm−3. 

GeV electron beams from a 
« centimetre-scale » accelerator

Leemans et al., Nature Physics, september 2006



ACCELERATORS  FOR
HADRONTHERAPY



Why hadrontherapy ? 

Protons deposit energy at 

end of motion and do not 

harm surrounding cells

X-rays Protons



• Synchrotron (Loma Linda) :

• max p energy : 250 MeV

• period : 2.2 s

• size : 12 m

• Cyclotron (IBA-NPTC) :

• max p energy : 250 MeV

• pulse rate : CW

• power: 400 KW

• size : 4 m (diameter)

• weight : 220 tons

Typical hospital proton accelerators
Protontherapy accelerators are extremely big and expensive



By complex gantry systems

Human
Gantry 

system



…require therefore a lot of space 
and money…

5 treatment rooms: 100 m

Construction costs: about 100 M€

Treatment cost (brain tumor): about 40 k€



…and are therefore rare…

Today: wordwide exist only 40 therapycenter

What technology for the future ?



Year 2000: discovery of laser-
generated protons

High quality and high energy 

protons are

accelerated by high intensity 

lasers… 

Proton beams:

- High number

- High energy

- Very laminar

- Short duration

[Clark 2000, Krushelnick 2000, Maksimchuk

2000, Snavely 2000]



Proton generation mechanism



Since then, intensive studies 
on proton acceleration

Acceleration takes place

in less then 1 mm

Acceleration takes place

in less then 7 m

Laser-acceleration 7000 more compact !!!



2006: Researcher study laser-
generated protons for protontherapy

„Towards compact protontherapy ?“

J. Fuchs, P. Antici et al., Nature Phys 2006

P. Antici PhD thesis @ U. „Sapienza“

„…requires very intense laser beams…“
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What is ELI 
(Extreme Light Infrastructure) ?

EU Project started 2007 
gathering almost all laser 
facilities in Europe and 
designing the most powerfull 
laser.

Distributed laser facility with 
three pillars:

1) Czech republic (applications)
2) Hungary (attosecond science)
3) Romania (nuclear physics)

Committment: 760 M€



100 m

The Extreme Light Infrastructure

exploded view

Extreme 
Field Area

Particle sourcesParticle sources

Attosecond Science



ELI: A Unique Infrastructure that 
offers simultaneously

• Ultra high Intensity ~1026W/cm2

• High Energy particles >100GeV

• High Flux of X and  rays

• With femtosecond time structures

• Highly synchronized

(We could possibly get beams equivalent to

1036 W/cm2)



ELI will be Unique: it will provide 

Photons and Particles with Short and 

Synchronized Time Structure in the 

femtosecond attosecond regime

Visible 

Particules: Electrons

Protons, muons,…

High energy radiation: X, 

gamma ray



With ELI we may witness a 

Paradigm shift in Fundamental 

Physics.

Could one day Lasers Replace 

Accelerators?





How intense will ELI be ?
ELI is supposed to deliver 200 PW, 

with intermediate facilies of 20 PW



Protontherapy should be studied 
by the Czech pillar (Prague)

ELI-CZ will have devoted 

beamlines for protontherapy



CHANCES TO BE FUNDED?

A GOOD COMMUNICATION STRATEGY 
IS ALSO NEEDED



MODIFY THE COMMON SENSE ABOUT ACCELERATORS !!!



EXPECIALLY WITH … 
THE GOVERNMENTAL FUNDING AGENCIES


